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CHAPTER 1. INTRODUCTION
1.1 BACKGROUND

The techniques used by the National Weather Service (NWS) for making river
and flood forecasts have been changing in recent years (Sittner, 1973).
Conceptual watershed models are replacing previously used empirical proce-
dures. In 1972 the Hydrologic Research Laboratory of the Office of Hydrology,
NWS, prepared a technical memorandum entitled "National Weather Service River
Forecast System, Forecast Procedures" (referred to as HYDRO-1k throughout
this report) as a guide for the implementation of conceptual river forecasting
models by field offices. HYDRO-1l4 describes the techniques and computer
programs needed for developing operational river forecasts based on the use
of a continuous conceptual watershed model from the processing of the basic
data to the preparation of the forecasts. The procedures described in
HYDRO-1L4 did not include techniques to model snow accumulation and snowmelt.
This Technical Memorandum describes a conceptual model of the snow accumu-
lation and ablation process and the associated computer subroutines and
programs which enable the model to be used in conjunction with the National
Weather Service River Forecast System (NWSRFS). Guidelines and methods for
determining model parameter values for a given area are also presented. Even
though the snow subroutines are written for use with the NWSRFS, the snow
accumulation and ablation model itself can be used with almost any soil-
moisture accounting (rainfall-runoff relationship) and channel routing
procedure. The output from the snow model would be the input to the soil-
moisture accounting procedure. The output from the snow model is snowpack
outflow (snowmelt water and rainwater leaving the snowpack) plus rain that
fell on bare ground.

1.2 DATA REQUIREMENTS

The snow accumulation and ablation model uses air temperature as the sole
index to energy exchange across the snow-air interface. Air temperature is
the only additional data needed to use the snow model in conjunction with
the NWSRFS soil-moisture accounting and channel routing models. Streamflow,
precipitation, and some form of potential evapotranspiration (PE) data are
needed for the NWSRFS (see chapter 2, HYDRO-14). The basic computational
interval of the NWSRFS is six hours, thus, six-hourly mean areal air tempera-
ture data are required. Chapter 2 of this Technical Memorandum describes a
procedure and associated computer programs for computing six-hourly mean
- areal air temperature from daily maximum-minimum air temperature observations.
Since the NWSRFS models and the snow model are continuous models, a continuous
record of six-hourly mean areal air temperature data is required. However,
the snow subroutines contain a provision that eliminates the requirement for
valid air temperature data during periods when there is no snow on the ground.

There are two basic reasons for using air temperature as the sole index to
energy exchange across the snow-air interface:

a. Air temperature data are readily available throughout the
United States on a real time operational basis.

b. Comparison tests conducted by the Hydrologic Research Laboratory
have shown that on two experimental watersheds the temperature index
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method of estimating energy exchange across the snow-air interface
has produced simulation results which are at least as good as those
produced using & combination energy balance - aerodynamic method.
The combination energy balance - aerodynamic method tested is
essentially the same as the method described by Anderson (1968).
The two watersheds on which these tests were made are Upper Castle
Creek, Central Sierra Snow Laboratory, and Watershed W-3, Agricul-
tural Research Service (ARS), Sleepers River Research Watershed.

The combination method will give more accurate estimates of energy
exchange at a point than the temperature index method if accurate
measurements of all the necessary meteorological variables are
available (these variables are air temperature, dew-point, wind
speed, incoming and reflected solar rddiation, and atmospheric
longwave radiation). However, on the two experimental watersheds

the combination method results were affected by several sources of
error: 1) errors in point measurements, especially in regard to
incoming solar radiation, 2) errors in estimating variasbles which
were not measured (primarily atmospheric longwave radiation), and

3) errors in estimating mean areal values of the variables: (primarily
determining the effect of slope, aspect, and forest cover on

incoming solar and atmospheric longwave radiation, determining the
areal albedo of the snowpack, and determining the mean areal wind
speed). The integrated effect of these errors was estimates of energy-
exchange across the snow-air interface which were no better than
estimates from the temperature index method on the two experimental
watersheds, - i

It is felt that the data available at these two experimental water-
sheds is superior to that which is generally available on a real-time
operational basis in the United States. Thus, it does not appear
practicable to use a physical energy balance approach like the
combination method to estimate energy exchange across the snow air
interface until improved measurements of the meteorological varia-
bles affecting snowpack energy exchange are obtained and until
improved methods of agcounting for the effects of physiographic
factors on snowpack energy exchange variables are developed.

The Hydrologic Research Laboratory is currently involved in a project to
obtain the highest possible quality data for the purpose of developing and
testing snowpack energy exchange equations at a point. This study is the
NOAA - ARS Cooperative Snow Hydrology Project on the Sleepers River Research
Watershed (Johnson and Anderson, 1968). Ultimately these measurements of the
variables affecting snowpack energy exchange will be used along with data
from an adjacent watershed to develop improved methods of accounting for the
effect of physiographic factors, such as slope, aspect, elevation, and
forest cover on the mean areal values of the meteoroclogical variables.

Air temperature is a very good index to snowpack energy exchange in a
dense coniferous forest. The only energy exchange mechanism showing much
varigbility is longwave radiation exchange, which is a function of the dif-
ference between canopy temperature and snow surface temperature. Canopy
temperature is closely related to air temperature. The other primary energy
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exchange mechanisms, shortwave radiation exchange, sensible heat exchange,
and latent heat exchange show very little variability because there is only

a slight amount of solar radiation penetrating the forest canopy and because
wind movement is limited. On the other hand, in an open area there generally
is a large amount of variability in solar radiation exchange, longwave radia-
tion exchange, sensible heat exchange, and latent heat exchange. Because of
this variability, air temperature is not nearly as good an index to snowpack
energy exchange in an open area. Therefore, there is a greater potential

for improvement in estimating snowpack energy exchange by using a physical
energy balance method, rather than a temperature index method, in areas

where the values of the variables affecting energy transfer can exhibit

large variations. It is felt that in the near future when accurate measure-
ments of the variables affecting snowpack energy exchange are available and
when techniques of accounting for the areal variability of the variables

are improved that physical energy balance equations will provide a more
accurate estimate of the energy exchange across the snow-air interface.

In regard to the data period required for.model parameter calibration, the
recommendation given in HYDRO-1h is generally applicable to watersheds where
snow is included. HYDRO-1k indicates that it is desirable to sample each
mathematical relationship in the model over its maximum possible range;
thus, a long data period 1s indicated. However, in many cases watershed
characteristies change with time. For river forecasting we are interested
in parameters which express the near future. Since the future cannot be
sampled, a short record representing the immediate past is the second choice.
Based on these considerations, HYDRO-1L recommends that "A suitable compromise
seems to be the most recent 10 years of record.". For most watersheds, 10
years of record is completely adequate for determining model parameter values.
However, in arid or semi-arid areas and in areas where significant snowpacks
do not accumulate every year, more than 10 years of data may be required to
determine adequately all the model parameters. In areas with considerable
hydrologic activity and where large snowpacks accumulate every winter, less
than 10 years of data may be sufficient to determine model parameter values.

1.3 TEST WATERSHEDS AND RESULTS

This Technical Memorandum does not present detailed results of tests of the
snow accumulation and ablation model. However, for the benefit of potential
users it is felt that a listing of the watersheds tested to date and a brief
summary of the simulation results on these watersheds might be informative.
Table 1-1 lists the watersheds tested and presents several statistics which
summarize the comparison between observed and simulated mean daily discharge.
Data from the Central Sierra Snow Laboratory were used for testing various
mathematical formulations during the development stage of the snow model.

The estimation of energy exchange when air temperature is below 32°F was
modified based on tests using data from Sleepers River Watershed W-3. The
other watersheds were used to test the applicability of the model to differ-
ent size areas and to different physiographic and climatic conditions.



1.4 COMPUTER PROGRAMS AND COMPUTER REQUIREMENTS

There are three basic computer programs in the NWSRFS which include the
snow accumulation and ablation model. These are: 1) the verification
program (NWSRFSL) which is used to check the simulation accuracy of various
sets of parameter values, 2) the optimization program (NWSRFS3) which is
used to determine parameter values by an automatic optimization technique,
and 3) the operational river forecasting program (NWSRFS5) which is used to
prepare river discharge forecasts on an operational basis. The NWSRFS also
contains a number of data processing programs (see chapter 3 of HYDRO-1L4).
Chapter 2 of this Technical Memorandum describes three additional data
processing programs for use in computing mean aresl air temperature. These
are: 1) the basic mean areal air temperature program (MAT Program), 2)
the MAT consistency check program (Program MATC@N) which checks the consis-
tency of each station used in the mean areal temperature analysis, and 3)
the MAT temperature check program (Program TEMPCK) which compares the
estimated and observed maximum and minimum temperatures at a given air
temperature observation station. Table 1-2 lists the program dimensions,
storage requirements, and typical run times for the six programs involving
the snow accumulation and ablation model and the computation of mean areal
air temperature. The programs are written in F@RTRAN IV for use on &

CDC 6600 computer system. Minor revisions may be necessary for use on
other computer systems. ’

The computer programs and test data sets described in HYDRO-1llL are available
on magnetic tape from:
Acquisition Office
National Technical Information Service
U. S. Department of Commerce
Springfield, Virginia 22151

Accession number: COM T73-10298
Cost: $97.50

These programs contain all the necessary statements for use with the snow
subroutines (One exception; a few changes were made to Program NWSRFSS5 after
preparation of the magnetic tape. The changes are only needed when the snow
model is included. Appendix H lists these changes to Program NWSRFS5).
Information on how to obtain the snow subroutines for programs NWSRFS3,
NWSRFS4, and NWSRFS5, plus the programs for the computation of mean areal air
temperature can be obtained from:

Hydrologic Research Laboratory, W23
Office of Hydrology
Netional Weather Service, NOAA
Silver Spring, Maryland 20910
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